Searches of vector-like leptons, heavy Majorana neutrinos, and leptoquarks, using the complete 20.3 fb −1 luminosity sample of pp collisions collected at 8 TeV by the ATLAS detector, are presented in this review. Signatures are based on the number of high-momentum leptons, jets, b-tagged jets, and on the missing momentum size. No excess was observed in any channel, and limits are set on cross sections, masses and couplings, extending the coverage from previous studies on the considered models.
Introduction
In this overview we focus on most recent results on searches for vector-like leptons, heavy Majorana neutrinos, and leptoquarks obtained using the full integrated luminosity (20.3 fb −1 ) of pp collision data collected at √ s = 8 TeV by the ATLAS detector [1] at the CERN Large Hadron Collider [2] . In all the analyses being presented, no excess above the expected background from SM events, and no evidence of new heavy particles is observed. Exclusion limits are set at 95% confidence level (CL) for various masses and mixing parameters, derived from a fit to the considered channels. All systematic uncertainties are supposed to be uncorrelated, and included in the test statistic as nuisance parameters.
Search for vector-like leptons
Vector-like leptons (VLL) are colourless, spin-1/2 charged fermions and arise in (e.g.) composite Higgs [3] and warped extra dimensions [4] models. Incollisions they are pair-produced in DrellYan processes (Fig. 1, left) [5] . They decay through mixing with electrons or muons ( ) to W ν, Z , and H , with a branching fraction approaching 50%, 25%, 25% respectively, when m L ± m H [6] , while for lower masses the W ν mode is favoured. Previous searches performed at LEP, using the L ± → W ± ν channel, excluded masses below m L ± = 101.2 GeV [7] .
This new ATLAS study assumes at least one heavy lepton to decay into a Z boson, leading to a high-mass resonance decaying to three high transverse momentum (p T ) leptons. Observed 
Type-III seesaw mechanism
New SU(2) triplets with zero hypercharge can be introduced with a Type-III seesaw mechanism, that generate neutrino masses and couple to gauge bosons [9] . Charged and neutral heavy leptons are possible, the first behaving as in VLL (Fig. 1, left) , while the neutral (N 0 ) decaying to W , Zν, and Hν (Fig. 1, right) . Since in case of a mass splitting the decay within the heavy leptons are highly suppressed, their three masses are assumed to be degenerate. Previous searches from CMS Figure 2 : Pair-production cross section [6] and VLL mass limits. Left (right): Z + e (Z + µ) channel [8] .
excluded Type-III seesaw fermions with masses below m L ± < 180 − 210 GeV, depending on the considered scenario [10] . Two new searches were performed by ATLAS. In the first, requiring at least three leptons, observed (expected) limits are set on the Type-III seesaw generated heavy-lepton mass for 100 ≤ m L ± ≤ 430 GeV (100 ≤ m L ± ≤ 436 GeV) in the Z + e channel and for 100 ≤ m L ± ≤ 401 GeV and 419 ≤ m L ± ≤ 468 GeV (100 ≤ m L ± ≤ 419 GeV) in the Z + µ channel (Fig. 3) [8] . The second search looks for the process pp → N 0 L ± → W ± ∓ W ± ν. The final state requires two leptons (e or µ) of any charge, at least two jets, of which those with the highest p T are required to have an invariant mass consistent with the W -boson mass, and large missing transverse momentum (E miss T ). Examining a benchmark point with no coupling with τ lepton (V τ =0), observed limits are set for different mixing hypotheses: 
Majorana neutrinos
Two theoretical extensions of the SM containing Majorana neutrinos are considered here. The first model include right-handed neutrinos, in a minimal Type-I seesaw light and heavy ν mass generation (mTISM) [12] . Heavy Majorana neutrinos (N) can be produced via an off-shell W boson and then decay on-shell to W (Fig. 5, left) . In the second model, a right-handed symmetry SU(2) R analogue of SM SU(2) L is added (LRSM), predicting gauge bosons W R , Z assumed to be more massive than heavy neutrinos [13] . Those can be produced through W R → N , Z → NN and then decay via N → W * R (→) (Fig. 5 , right). In previous searches, LEP excluded mTISM heavy neutrino masses m N < m Z [14, 15] , and CMS excluded 90 < m N < 200 GeV (ee channel), 40 < m N < 500 GeV (µ µ channel) [16, 17] ; AT-LAS excluded LRSM heavy gauge bosons with mass m W R < 2. New ATLAS searches are performed using exactly two leptons (ee or µ µ) of the same charge, and optimizing the event selection for each of the two models. Since the mTISM final state assumes the W -boson decaying into qq, it is required to have a small E miss T and at least two jets (those with the highest p T having an invariant mass compatible with the W mass). The LRSM W R (Z ) selection asks for at least one or two (two or four) jet(s) and a large invariant mass of the lepton pair, and of the leptons plus jet(s) system. Limits are set on the production cross section as a function of the m N (Fig. 6) , and on the mixing matrix elements with SM neutrinos (Fig. 7) , as low as |V eN | 2 = 0.029 
Leptoquarks
Leptoquarks (LQs) are colour triplet bosons with fractional electric charge, carrying both nonzero baryon and lepton numbers. The dominant pair-production mechanism is gg fusion for m LQ < 1 TeV and qq-annihilation at higher LQ masses. For providing more conservative limits, only scalar production is taken in account. The branching fraction β of the decay into a charged lepton, and the Yukawa coupling λ LQ→lq that determines lifetime, are model dependent. In the model considered here, LQs are grouped into three generations, each decaying only into a lq pair of the corresponding SM family [21] .
Previous searches from ATLAS and CMS set the following limits: m LQ1 < 830 (640) GeV at β = 1 (0.5), m LQ2 < 840 (650) GeV at β = 1 (0.5), m LQ3 < 440 GeV in the channel LQ 3 → bν τ , m LQ3 < 740 GeV for LQ 3 → bτ, m LQ3 < 685 GeV for LQ 3 → tτ [22 -29]. ATLAS performed a new search for all three generation scalar LQs. The search for 1 st and 2 nd generation LQs used final states with at least two jets and either two electrons of any charge or two muons with opposite charge. Various signal regions are defined, based on the minimum value of the dilepton invariant mass (m ), the scalar sum of transverse momenta of the leptons and the two leading jets (S T ), and the lowest reconstructed LQ mass in the event (m min LQ ). They were optimised in a three-dimensional space of those variables, targeting different ranges of LQ masses ( Table 1) . The distribution of the m min LQ variable after applying pre-selection cuts is shown in Fig. 9 Table 1 : Minimum values of m , S T , and m min LQ used to define each of the signal regions targeting different leptoquark masses in the ee j j and µ µ j j channels.
Events / 100 GeV section limits for β = 1 are presented in Fig. 10 and as a function of β in Fig. 11 . First (second) generation scalar LQs are excluded for m LQ1 < 1050 GeV (m LQ2 < 1000 GeV) at β = 1 [30] .
ATLAS reinterpreted two searches for third generation supersymmetric partners of bottom and top quarks [31, 32] in terms of a third-generation LQ (LQ3) decaying to a b-quark and a ν τ and of a LQ3 going into a t-quark and a ν τ (β = 0). In the first case, events are required to have exactly two b-tagged jets and large E miss T . In the second case, events are required to have one lepton, jets, and E miss T . The observed (expected) exclusion mass limits are m LQ3 < 625 GeV (m LQ3 < 640 GeV) in the bν τbντ channel and 210 < m LQ3 < 640 GeV (200 < m LQ3 < 685 GeV) in the tν τtντ channel (Fig. 12) [30]. 
Conclusions
By exploiting the complete 20.3 fb −1 luminosity of pp collisions collected at 8 TeV, ATLAS has tested various models predicting heavy leptons, Majorana neutrinos, and leptoquarks. Different finales states were explored, based on the number of high-momentum leptons, jets, and b-tagged jets. Missing momentum and other kinematic variables were used to define signal and background control regions. No excess was observed in any channel, and limits are set on cross sections, masses and couplings, extending the coverage from previous researches. [32] ATLAS Collaboration, Search for top squark pair production in final states with one isolated lepton, jets, and missing transverse momentum in √ s =8 TeV pp collisions with the ATLAS detector, JHEP 11 (2014) 118, [arXiv:1407.0583].
